We analyse by detailed modelling the spectra observed from the sample galaxies at z∼0.8 presented by Ly et al (2015) , constraining the models by the characterize the gas surrounding the starburst (SB), while n 0 are higher by a factor of 1.5-10 in the AGN emitting gas. SB effective temperatures are similar to those of quiescent galaxies (T * ∼4-7 10 4 K). Cloud geometrical thickness in the SB are 10 16 cm indicating major fragmentation, while in AGN they reach > 10 pc. O/H are about solar for all the objects, except for a few AGN clouds with O/H= 0.3 -0.5 solar. Starburst models reproduce most of the data within the observational errors. About half of the object spectra are well fitted by an accreting AGN. Some galaxies show multiple radiation sources, such as SB+AGN, or a double AGN.
INTRODUCTION
Starburst (SB) -active galactic nucleus (AGN) connection is generally explored in order to understand galaxy formation, structure and evolution. Processes which stimulate starbursts may lead also to AGN onset (Hopkins et al 2011) . Dixon & Joseph (2011) using a variety of spectroscopic diagnostics found that ∼50% of the luminous infrared galaxies (LIRG) in their sample shows some evidence for an AGN. The luminosity of ∼ 17 % of the sample galaxies seems dominated by emission from AGN, and the remaining ∼ 80 % have luminosities dominated by SB. ∼50% of the sample galaxies indicates coupled AGN and starburst activities suggesting that AGNs and starbursts commonly coexist. Contini & Contini (2007) investigating a sample of LIRG (LIR >10 11 L⊙ ), ultra-LIRG (ULIRG, LIR >10 12 L⊙ ) and hyper-LIRG (HLIRG,LIR > 10 13 L⊙ ) concluded that half of the LIRG contains an AGN, at least one AGN is found in all the ULIRG and none in the HLIRG. The connection between the AGN and the starburst is not direct and it is affected by a (viscous) time lag of gas flowing through the AGN accretion disc leading to AGN activity delay in star formation activity (Blank & Duschl 2013) . AGN feedback may terminate star formation in the host galaxy poor gas phase and trigger it in the rich phase (Zubovas et al. 2013 ). SB-AGN coexistence in local galaxies has been investigated by the analysis of mid-infrared lines and of the continuum spectral energy distribution (SED) adopting diagnostic diagrams (e.g. Dixon & Joseph 2011) and by the optical-UV lines and continuum SED in relatively high z galaxies by detail modelling (Contini 2015 and references therein) .
In this paper we revisit the spectra from galaxies at z∼0.8, presented by the Ly et al (2015) DEEP2 survey. The observations were done by the DEIMOS multi-object spectrograph on the Keck II telescope. The observed spectra account for the [OIII] 5007+ (the + indicates that the 5007 and 4959 lines are summed), [OIII] 4363, [NeIII] 3869+, [OII]3727+, and Hβ lines which can be used to constrain the models. The observed spectra are generally reproduced by detailed modelling. We have noticed by modelling the spectra observed from many different galaxy types (Contini 2016 and references therein) , that in some cases, even when the [OIII]5007+/Hβ and [OII]3727+/Hβ line ratios are well fitted by the models, the [OIII] 4363/Hβ systematically disagree. For instance, [OIII] 4363/Hβ line ratios calculated by shock dominated models overpredict the data in superluminous SN host galaxies (Contini 2016) . Therefore, the [OIII] 4363/Hβ line ratios, when available, are useful to constrain the models. Selecting the AGN, SB, and/or only shock dominated models best fitting the data, the galaxy types can be distinguished.
The R [OIII] ([OIII]5007+4959/[OIII]4363) line ratios are favourite in the modelling process because they depend only indirectly on the O/H relative abundance. Actually, Figure 1 . Case a) : the cloud withdraws from the radiation source which is represented by the star; case b) the cloud approaches the radiation source O/H variations affect the cooling process in the recombination zone of the emitting clouds leading to different line spectra. We use models which account for both the photoionizing flux from a primary radiation source and shocks. Shocks yield fragmentation of matter by turbulence created near the shock-front and compression of the gas downstream, leading to high densities which can trigger star formation. Composite models resolved the problem regarding R [OIII] in AGN and LINER (low-ionization nuclear emission-line region) spectra, which indicated relatively high temperatures (> 10 5 K) and densities (> 10 5 cm −3 ) in the emitting gas (Contini & Aldrovandi 1986) . Moreover, comparing calculated with observed line ratios the gas motion direction can be determined, i.e. infalling towards the radiation source or ejected outwards (Fig. 1) . This is an important issue in view of the SB -AGN feedback in galaxies. The calculation method is described in Sect. 2. Model results are compared with the data in Sect. 3. Discussion and concluding remarks appear in Sect. 4.
CALCULATION OF THE SPECTRA
Spectroscopic data provide a full physical and chemical picture for local galaxies. At high redshifts the data are reduced to a few significant lines, but the surveys contain hundreds of objects. Therefore, in order to obtain the O/H metallicity, the oxygen line ratios are generally calculated by the "direct methods" (see e.g. Ly et al 2015 , Modjaz et al 2008 . The "direct" or Te method (Seaton 1975 , Pagel et al. 1992 was used to obtain O/H from the observed oxygen to Hβ line ratios. By this method, the ranges of the gas physical conditions are chosen among those most suitable to the observed line ratios. fronts. By detailed modelling the gas at low (T< 10 4 K) temperatures contributes to the line emission. The line fluxes which result from integration throughout regions of gas at various temperatures are different from those calculated by an homogeneous temperature. If the fractional abundances of the corresponding ions are low, relatively high O/H are needed to reproduce strong oxygen observed lines. So, the metallicities calculated by detailed modelling are generally higher than those calculated by "direct methods". A comparison between the results obtained by "direct methods" and detailed modelling (Contini 2014a) demonstrates that "direct methods" lead to O/H lower limits.
Detailed modelling of the spectra by pure photoionization models (e.g. by the CLOUDY code) gives satisfying results for intermediate ionization level lines. However, galaxies at high redshifts often originate from mergers and show a disturbed hydrodynamic structure. Collisional phenomena are critical in the calculation of the spectra. We suggest that models based on the coupled effect of photoionization and shocks are the closest approximation to the complex structure of the emitting gas. Therefore, the SUMA code (Contini 2015 and references therein) is used.
The code simulates the physical conditions in an emitting gaseous cloud under the coupled effect of photoionization from the primary radiation source ( SB or AGN) and shocks. The line and continuum emission from the gas are calculated consistently with dust-reprocessed radiation in a plane-parallel geometry. The calculations start at the shock front where the gas is compressed and thermalized adiabatically, reaching the maximum temperature in the immediate post-shock region (T (K) ∼ 1.5 × 10 5 /(Vs/100 km s −1 ) 2 , where Vs is the shock velocity). T decreases downstream following the cooling rate. The input parameters such as Vs , the atomic preshock density n0 and the preshock magnetic field B0 (for all models B0=10 −4 Gauss is adopted) define the hydrodynamical field.
The input parameters that represent the primary radiation for a SB are the effective temperature T * and the ionization parameter U . For an AGN, the primary radiation is the power-law radiation flux from the active center F in number of photons cm −2 s −1 eV −1 at the Lyman limit and spectral indices αUV =-1.5 and αX =-0.7. The primary radiation source is independent but it affects the surrounding gas. In contrast, the secondary diffuse radiation is emitted from the slabs of gas heated by the radiation flux reaching the gas and, in particular, by the shock. In our model the gas region surrounding the radiation source is not considered as a unique cloud, but as an ensemble of fragmented filaments. The geometrical thickness of these filaments is an input parameter of the code (D) which is calculated consistently with the physical conditions and element abundances of the emitting gas. Primary and secondary radiations are calculated by radiation transfer throughout the slabs downstream. The fractional abundances of the ions are calculated resolving the ionization equations. The dust-to-gas ratio (d/g) and the abundances of He, C, N, O, Ne, Mg, Si, S, A, Fe, relative to H, are also accounted for.
In the modelling process, we aim to reproduce the observed line ratios for each element. Each line has a different strength which translates into the different precision by the fitting process. A minimum number of significant lines [NII] , Hβ , Hα ) is necessary to constrain the model but the number of the observed lines does not interfere with the modelling process. We deal with line ratios to avoid distance and morphological effects. We start adopting solar abundances by Allen (1976) in the first modelling trials because their values are between the two more recent ones by Anders & Grevesse (1989) and Asplund et al (2009) . A perfect fit of the observed line ratios is not realistic because the observed data have errors, both random and systematic. The uncertainty in the calculation is due to the atomic parameters (within 10 %) which are often updated. The strongest lines are reproduced by < 10%, the weakest by ∼ 50 %. The calculation code and our modelling method are described by Contini (2014a Contini ( , 2016 and references therein).
Before starting the modelling process of the present survey galaxies, some characteristics can be guessed by comparing different line ratios in Fig. 2 . The top diagram shows that excluding three objects (ID 4, 15 and 16) the slope shown by the line ratio band suggests that a radiation mechanism should be adopted. In the bottom diagram, excluding three objects (ID 4, 8 and 15), a well defined slope is not seen. This reveals large ranges of temperatures and densities in the emitting gas, indicating that other mechanisms such as e.g. shocks could be at work. 
MODELLING RESULTS
In Table 1 we compare the reddening corrected observed line ratios to Hβ with model results. Each observed spectrum is recognizable by its ID number (Ly et al 2015 The models are constrained by the FWHM of the line profiles (C. Ly, 2015, private communication) which roughly indicate the velocity field of the emitting gas and give an initial hint of the shock velocity.
Models MSB1-MSB28 refer to photoionization by the SB (+shocks) of clouds propagating outwards from the galaxy. Models Mpl1-Mpl28 account for photoionization by an AGN + shocks. The clouds propagate outwards from the AGN. Models Mpl01-Mpl028 refer to photoionization by an AGN + shocks, but the clouds propagate towards the active nucleus. Models MSB1-MSB28, Mpl1-Mpl28 and Mpl01-Mpl028 are described in Tables 2, 3 and 4, respectively. The physical conditions and the relative abundances presented in Tables 2-4 The set of parameters adopted to model the SB galaxies (Table 2) shows pre-shock densities, SB effective temperatures and ionization parameters in agreement with those calculated in this redshift range for different types of galaxies (Contini 2015) . The geometrical thickness of the emitting clouds are at the lower limit. The O/H and Ne/H relative abundances are close to solar. The parameters of AGN dominated models in the outflow case (Table 3) which yield the satisfactory fit of the observed line ratios are dominated by relatively high n0 and D suitable to the narrow line emis- Ne/H are lower than solar (10 −4 ) by a factor > 2 for most galaxies. However, the models refer to the doublet and the data to the deblended line. Ne corresponds to the 1s2, 2s2, 2p6 closed atomic configuration, therefore Ne is less adapted to link with other species inside dust grains.
The parameters selected to reproduce the observed spectra for AGN models in the inflow case (Table 4) , show relatively high densities, a few large clouds and O/H and Ne/H slightly lower than solar, except for Mpl04, Mpl07, Mpl09, Mpl022 and Mpl028 where O/H are ∼ half solar. High preshock densities in the inflow case are reasonable, considering that the IS clouds in the surrounding of the AGN are accreted toward the AGN.
In Fig. 3 we compare the modelling results with the Kewley et al (2001) /Hα line ratios and, in particular, the separation between the inflow from the outflow results, is due to the geometrical thickness large range of the emitting clouds in the AGN dominated models. In the outflow case (Fig.  1) , the clouds may contain in the internal region, between the shock front edge and the edge illuminated by the AGN flux, a low temperature zone with large quantities of gas in the physical conditions suitable to the [OI] line. The same could explain the spread of the [SII] lines. However, when referring to the data instead of to the models, the S/H relative abundance also changes from object to object because S is easily trapped into dust grains. The [NII]/Hα line ratios fill a more compact region throughout the diagram and the AGN inflow and outflow models overlap, because the region throughout the cloud where N + prevails is radiation dominated. We have found by detailed modelling of different types of spectra emitted from galaxies at 0.01 z 3 that N/H varies within a factor of 10 throughout all the z range (Contini 2016, fig. 5 ). So inserting eventual observation data instead of model results in Fig. 2 middle diagram, the picture would change.
In Fig. 4 we check the modelling result precision. The observational uncertainties are not shown for sake of clarity. The [OIII] 5007+/Hβ and [OII]3727+/Hβ calculated line ratios reproduce satisfactorily the data, indicating that the physical conditions and the relative abundances, adopted in the calculations of the spectra, are sound. The same models were used to calculate for each object the [OIII]4363/Hβ line ratios shown in Fig. 4 , right diagram. The observed [OIII] 4363 lines are rather weak. Even accepting discrepancies by a factor of 2, Fig. 4 (right diagram) indicates that several models referring to the AGN outflow case should be dropped. in most of the galaxies characterize the gaseous clouds in the SB environment, while preshock densities are higher by a factor of 1.5-10 in the AGN clouds. The SB clouds show major fragmentation (D ∼ 10 16 cm). In the AGN, D ranges from 10
16 cm to a maximum of >10 pc for the ejected clouds. Geometrical thick clouds up to D=3 pc were calculated for (Table 1) with an average Hβ flux calculated at the nebulae (Table 4) for the SB clouds (∼0.01 erg cm −2 s −1 ) and for the clouds in the AGN environment (∼0.1 erg cm −2 s −1 ), we obtain the average distance of the emitting clouds from the SB RSB∼ 0.5 kpc and from the AGN RAGN ∼ 0.16 kpc, respectively, adopting a filling factor ∼1. The starburst effective temperatures T * are similar to those found in quiescent galaxies (4-7 10 4 K, Contini 2014b). Metallicities, in term of the O/H relative abundances, are a crucial issue for galaxies at high z. The O/H relative abundances calculated by detailed modelling are about solar (6.6 10 −4 , Allen 1976) for all the objects, except for a few AGN with O/H= 0.3 -0.5 solar. Ly et al (2015) obtain 0.223-3.23 10 −4 by the Te based metallicity determination (cf. Contini 2014a). The discrepancies between metallicity results obtained by different modelling methods are explained in Sect. 2.
In Fig. 5 the Hβ absolute fluxes (in erg cm −2 s −1 ) calculated at the emitting nebula and the SFR (in M⊙ yr −1 ) given by Ly et al. are shown as function of the redshift. Throughout a small z range, they do not show any trend, while (Contini 2016, fig. 6 and references therein) SFR in SN and GRB host galaxies were found to increase with z on a large scale for z 0.1. At lower z, SFR do not show any particular slope. On the other hand, SFR presented by Ramos Almeida et al (2013) for X-ray and mid-infrared selected galaxies at 0.4 z 1.15 exhibit an increasing trend. More objects should be considered. Moreover, SFR ∝ L(Hα ) Earth (the Hα luminosity observed at Earth) and L(Hα ) Earth = L(Hα ) nebula (the Hα luminosity calculated at the nebula) which is ∝ Hα R 2 . We adopt Hα /Hβ ∼3. R is the distance of the emitting cloud from the radiation source. So SFR ∝ Hβ , assuming an average R. Ly et al results show that SFR in AGN and SB galaxies are very similar, whereas from the Hβ flux calculated at the nebulae (Fig. 5, top diagram) , higher SFR for AGN are expected. This discrepancy can be explained by the coexistence of AGN and SB in most of the sample objects.
Multiple radiation sources in single galaxies
By AGN and SB dominated models, we reproduced successfully the [OIII]5007+/Hβ and [OII]/Hβ observed line ratios, not always the [OIII]4363/Hβ from each galaxy. We investigate whether the photoionization source in each object is an AGN, a SB or both, comparing in Fig. 6 left diagrams and right diagrams, the calculated with observed corrected R [OIII] and [OII]/[OIII]4363, respectively. The top diagrams refer to results obtained by SB dominated models, the middle ones by AGN dominated models with outflowing clouds and the bottom diagrams show the results of models dominated by AGNs which accrete the surrounding clouds. Fig.  6 shows that models MSB1-MSB28 (Table 2) reproduce the data within the observational errors, except for ID 6, 7, 23 and 24 (Fig. 6 top diagram) . Most of the Mpl1-Mpl28 model results (Table 3) Table 1 ). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28   S  S  S  S  S  --S  -S  S  S  S  S  S  S  S  S  S  S  S  S  --S  S  S  S  --1  --1  1  -------1  -1  -1  ---1  --------0  ---0  0  0  -0  0  0  --0  0  ---0  0  0  -0  --, middle) . ID 3, 6, 7, 15, 17, 19 and 23 R [OIII] are reproduced within ∼ 30%. Fig. 6 bottom diagram refers to models Mpl01-Mpl028 (Table 4) . About half of the object spectra are well reproduced by the AGN accretion models. The results show that some line ratios can be explained with the same precision by both the SB and AGN dominated models. The galaxy types are schematically shown in Table 5 (S=SB, 1=AGN1, 0=AGN0), where AGN1 refer to ejection of matter outwards and AGN0 to accretion. Summarizing, calculation results suggest that most of the objects contain a SB, about 5 objects are AGNs. Half of the galaxies show multiple radiation sources : a SB + an accreting AGN. ID 3, 15, 17 and 19 show an SB + an AGN with outflowing matter. ID 17 and ID 23 host a double AGN, but ID 17 also a SB. The AGNs show gas accretion rather than outflow, suggesting an AGN-SB correspondence. Multiple nuclei are found in local galaxies which derive from merging, e.g. in Arp 200 at z=0.018 (Graham et al 1990) , where O/H relative abundances are about solar and N/H are higher than solar by a factor of ∼1.5 throughout the starburst region (Contini 2013 
